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Systematic Review: Strategies for Using Exercise Therapy To Improve

Outcomes in Chronic Low Back Pain

Jill A. Hayden, DC; Maurits W. van Tulder, PhD; and George Tomlinson, PhD

Background: Exercise therapy encompasses a heterogeneous
group of interventions. There continues to be uncertainty about
the most effective exercise approach in chronic low back pain.

Purpose: To identify particular exercise intervention characteris-
tics that decrease pain and improve function in adults with non-
specific chronic low back pain.

Data Sources: MEDLINE, EMBASE, Psychinfo, CINAHL, and Coch-
rane Library databases to October 2004 and citation searches and
bibliographic reviews of previous systematic reviews.

Study Selection: Randomized, controlled trials evaluating exer-
cise therapy in populations with chronic (>12 weeks duration)
low back pain.

Data Extraction: Two reviewers independently extracted data
on exercise intervention characteristics: program design (individu-
ally designed or standard program), delivery type (independent
home exercises, group, or individual supervision), dose or inten-
sity (hours of intervention time), and inclusion of additional con-
servative interventions.

Data Synthesis: 43 trials of 72 exercise treatment and 31 com-
parison groups were included. Bayesian multivariable random-
effects meta-regression found improved pain scores for individu-
ally designed programs (5.4 points [95% credible interval (Crl),
1.3 to 9.5 points]), supervised home exercise (6.1 points [Crl,
—0.2 to 12.4 points]), group (4.8 points [Crl, 0.2 to 9.4 points]),

and individually supervised programs (5.9 points [Crl, 2.1 to 9.8
points]) compared with home exercises only. High-dose exercise
programs fared better than low-dose exercise programs (1.8 points
[Crl, —2.1 to 5.5 points]). Interventions that included additional
conservative care were better (5.1 points [Crl, 1.8 to 8.4 points]).
A model including these most effective intervention characteristics
would be expected to demonstrate important improvement in pain
(18.1 points [Crl, 11.1 to 25.0 points] compared with no treatment
and 13.0 points [Crl, 6.0 to 19.9 points] compared with other
conservative treatment) and small improvement in function (5.5
points [Crl, 0.5 to 10.5 points] compared with no treatment and
2.7 points [Crl, —1.7 to 7.1 points] compared with other conser-
vative treatment). Stretching and strengthening demonstrated the
largest improvement over comparisons.

Limitations: Limitations of the literature, including low-quality
studies with heterogeneous outcome measures and inconsistent
and poor reporting; publication bias.

Conclusions: Exercise therapy that consists of individually de-
signed programs, including stretching or strengthening, and is
delivered with supervision may improve pain and function in
chronic nonspecific low back pain. Strategies should be used to
encourage adherence. Future studies should test this multivariable
model and further assess specific patient-level characteristics and
exercise types.
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xercise therapy is widely used as a treatment for low

back pain. In our accompanying paper in this issue (1),
we present the results of a systematic review, conducted
within the framework of the Cochrane Collaboration. We
assessed the effectiveness of exercise therapy for reducing
pain and disability in adult nonspecific acute, subacute,
and chronic low back pain compared with no treatment
and other conservative treatments. We concluded that ex-
ercise therapy seems to be effective at slightly decreasing
pain and improving function in adults with chronic low
back pain, particularly in health care populations. In sub-
acute low back pain, evidence suggests that a graded-activ-
ity program improves absenteeism outcomes, although ev-
idence for other types of exercise is unclear. In acute low
back pain, exercise therapy is as effective as either no treat-
ment or other conservative treatments.

Exercise therapy encompasses a heterogeneous group
of interventions that vary in type, intensity, frequency, and
duration of exercise and the setting in which it is provided.
There continues to be uncertainty about the most effective
approach (2), and the literature on the hypothesized mech-
anism of the effect of exercise interventions provides little
guidance (3). Better understanding of important character-
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istics of the intervention would allow us to more fully
inform clinical practice and future research in the applica-
tion of exercise therapy. However, standard methods of
meta-analysis are not ideal because they necessitate the ex-
clusion of correlated data from trials investigating several
treatment groups within studies and cannot include infor-
mation from trials without comparison groups. We aimed
to identify particular exercise intervention characteristics
that decrease pain and improve function in adults with
nonspecific chronic low back pain.
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MEeTHODS
Review Methods

Our search strategy included a computerized search of
the electronic databases MEDLINE and EMBASE (up to
October 2004), Psychlnfo and CINAHL (1999 to Octo-
ber 2004), and the Cochrane Central Register of Con-
trolled Trials (Issue 3, 2004). We searched citations and
screened cited references of exercise reviews and contacted
content experts for additional trials. We did not restrict the
searches or inclusion criteria to any specific languages. We
followed a standard protocol for study selection and data
abstraction (4). Two reviewers independently assessed
study eligibility, data extraction, trial quality, and clinical
relevance. We used consensus and a third reviewer, if
needed, to resolve disagreements. We extracted the data
onto pretested standardized forms.

Further details on the strategies for the search and
identification of studies have been reported elsewhere (1).
We included randomized, controlled trials if they investi-
gated exercise therapy as an intervention for nonspecific
low back pain, regardless of the comparison group or
groups. Outcomes of interest were pain, function, return
to work or absenteeism, and global improvement. We
present analysis and results of the subgroup of 43 trials
(3907 participants) that were conducted in the populations
with chronic low back pain (lasting longer than 12 weeks)
and adequately report the outcomes of pain and function.
We measured pain and function as continuous variables,
and we placed each study’s results on a common 0- to
100-point scale to facilitate comparison and interpretabil-
ity of the syntheses. On the basis of current literature on
minimal clinically important differences, we considered a
20-point (out of 100 points) improvement in pain (5) and
a 10-point (out of 100 points) improvement in function-
ing outcomes (6) to be clinically important. We used data
from the available follow-up period closest to 6 weeks after
randomization for all analyses.

Exercise Intervention Characteristics

We identified important intervention characteristics a
priori, with the assistance of clinical experts. We character-
ized exercise interventions by the exercise program design,
delivery type, dose or intensity, inclusion of additional in-
terventions, and the types of exercises included. When nec-
essary, we contacted authors for additional information.

We categorized design of the exercise therapy program
as “individually designed,” in which the treating therapist
completed a clinical history and physical examination and
delivered an exercise program specifically designed for the
individual participant; “partially individually designed,” in
which the exercise program included the same type of ex-
ercises but varied in intensity, duration, or both; or “stan-
dard design,” in which a fixed exercise program was deliv-
ered to all participants.

We characterized delivery type of the exercise therapy

as follows: 1) home exercises only, in which the partici-
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Context

Which types of exercise therapy are most beneficial to pa-
tients with nonspecific chronic low back pain?

Contribution

This Bayesian meta-regression of 43 trials suggests that
the most effective exercises for improving pain and func-
tion in adults with chronic low back pain are stretching
and strengthening, respectively. Exercise performed over
longer periods of time seemed more effective than exer-
cise performed less than 20 hours total. Supervised pro-
grams that were individually tailored seemed to be more
effective than other delivery modes.

Cautions

Trials used various measures to assess pain and function,
and many were small and of low quality.

—The Editors

pants met initially with therapists, then participated in the
exercise program with no supervision or follow-up; 2) su-
pervised home exercises, in which the participants met ini-
tially with therapists, participated in the exercise program,
and had follow-up with their therapist at least every 6
weeks; 3) group supervision, in which participants at-
tended exercise therapy sessions with 2 or more partici-
pants; and 4) individual supervision, in which participants
received one-on-one intervention or supervision. We clas-
sified exercise therapy programs that included more than 1
type of delivery according to their main delivery type.

We assessed dose or intensity of the exercise therapy by
considering the duration and number of treatment ses-
sions. If the exercise program included a home exercise
component and study adherence information was not
available, we used a best estimate of intervention dosage.
We computed the best estimate for supervised home exer-
cise programs (those with provider follow-up at least every
6 weeks) by using an adherence rate of 75% of the recom-
mended time and number of sessions. For home exercise
programs without follow-up, we used an adherence rate of
50% of the recommended time and number of sessions.
We selected these rates from the observed adherence rate
for home exercises, according to daily diary recordings (7)
and therapist (7, 8) and patient (8—10) reporting of adher-
ence to the prescribed programs. We dichotomized the
dose of each exercise intervention to facilitate interpreta-
tion of results— high-dose exercises were those with 20 or
more hours of intervention time, and low-dose exercises
were those with less than 20 hours of intervention time.
Twenty hours was the mean dose of the exercise interven-
tions and seemed to distinguish exercise groups with re-
spect to intensity. Sensitivity analyses using 15- and 25-
hour cutoff points resulted in less than a 10% change in
the grouping of studies.
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We considered additional treatment other than exer-
cise therapy in the study groups to be a factor associated
with effectiveness. We documented the use of and the spe-
cific type or types of additional treacments. Because several
different additional treatments were used and there is un-
certainty about effectiveness, we did not assess the effect of
different additional treatment types.

We recorded the types of exercises included in the
exercise intervention groups. Muscle-strengthening exer-
cises were interventions that primarily involved muscle
contraction, were usually repeated many times, and were
limited to specific muscle groups that aimed to increase
muscle cross-sectional area and strength (11). Stretching
exercises aimed to increase the amount of movement of a
specific joint or series of joints and lengthen the presum-
ably contracted or shortened muscles (11). Coordination
exercises included training and used specific movements to
improve the coordination or proprioception of movements
and muscle function (12, 13). Mobilizing or flexibility ex-
ercises were repeated exercises, using controlled movements
throughout a joint’s normal range of motion. We noted
specific extension mobilization and flexion mobilization
exercises; these included controlled movements in these
specific directions only. Aerobic exercises or general phys-
ical fitness included “whole-body” interventions that were
added to normal activities of daily living and prescribed in
a specified dose, for example, specific programs of walking,
swimming, or cycling. We also identified other specific
exercise therapies: McKenzie exercise therapy (14), func-
tional restoration or the David Beck Clinic program (15,
16), Cesar therapy (17), and Mensendieck therapy (18).
Because only a few studies were available, we could not
assess these specific exercise therapies separately.

Statistical Analysis

We used meta-analysis and meta-regression analyses to
synthesize the randomized, controlled trial data on the ef-
fect of exercise treatment and to assess the effect of exercise
intervention characteristics. The outcomes in all analyses
were the group-specific mean follow-up outcome measures.
This allowed us to use data from several groups within a
study and to assess the importance of predictors at the
group or study levels (19). As usual in meta-analysis, we
treated the reported within-group variances as true vari-
ances and appropriately divided them by group sample
sizes to calculate variances of the means.

We initially investigated the exercise treatment effect
in a random-effects analysis of any exercise versus no exer-
cise. Similarly, we assessed the independent influence of
each level of exercise intervention characteristics. For ex-
ample, we compared groups receiving less than 20 hours of
exercise to groups receiving 20 or more hours. Next, to
simultaneously adjust for several exercise intervention char-
acteristics, we used a Bayesian multivariable random-effects
meta-regression, which allows clustering of study groups
within trials. Our model is similar to examples presented in
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books by Spiegelhalter and colleagues (20) and Gelman
and colleagues (19). In our analysis, we have studies with
several comparison or treatment groups—the mean in a
particular group ; of a study 7 is given by [w, + 0,1, where
W, is the random-effect mean in the no-treatment compar-
ison group for study i (even though there may not be a
group receiving no treatment) and 0;; is the effect of the
multifaceted intervention in group j of study 7. The inter-
vention effect 6, is the sum of the contributions from
characteristics of group j in study 7. We modeled 9 char-
acteristics: 1) any exercise treatment group— exercise
group versus comparison group; exercise program de-
sign—72) individually designed or 3) partially individually
designed versus standardized; exercise delivery type—4)
supervised home exercises, 5) group supervision, or 6) in-
dividual supervision versus unsupervised home exercises; 7)
dose or intensity of exercise intervention— high-dose or
-intensity versus low-dose or -intensity; 8) additional con-
servative treatment—ryes versus no; and 9) an interaction
between any exercise and the use of an additional conser-
vative treatment type. We defined the reference exercise
intervention as a standardized design delivered at home
with low intensity and with no additional conservative
treatment. The intervention effect is then

0, = B:iXi T BaXoi + BsXs + BaXaiy + BsXsy
T BXoup T BXoq T BsXsip T BoXop

where the subscripts 1 to 9 refer to the 9 characteristics.

Data were inadequate for investigation of the effect of
exercise type within the full multivariable model. We used
smaller regression models, including only the exercise vari-
able (exercise group vs. comparison group) and the 6 cat-
egories of exercise types, to estimate the effects of each type
and rank them according to outcome improvement at fol-
low-up. Our Bayesian model allows us to estimate the
ranks (from best to worst) of the exercise types, as well as
the uncertainty in the rankings.

We present the posterior mean for the estimated effect
of each intervention characteristic and display the uncer-
tainty around the estimate by using a 95% credible interval
(Ctl). Using the multivariable model, we predicted the
mean outcome for a group receiving the best level of each
intervention characteristic. Comparing this mean with
groups that received no treatment or other conservative
treatments, we calculated the probabilities of observing
clinically meaningful improvement. We repeated this mod-
eling process separately for pain and function outcomes.

We used SAS, version 9.1 (SAS Institute, Inc., Cary,
North Carolina), for descriptive analyses and WinBUGS,
version 1.4.1 (WinBUGS Package, Imperial College and
Medical Research Council, London, United Kingdom), for
the Bayesian meta-analysis and regression modeling. For all
Bayesian analyses, we used diffuse, noninformative priors,
allowing the results to be driven by the data, while using
the Bayesian “machinery.” For regression parameters, we
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used diffuse priors (uniform [0, 100] for parameters con-
strained to be positive in the range of 0 to 100 and normal
[mean = 0; variance = 10°]). For SD terms, we used a
uniform distribution covering all reasonable values (uni-
form [0, 25]). The software package WinBUGS uses
Markov chain Monte Carlo with Gibbs sampling to make
inferences (21). After a burn-in of 10 000 updates, we per-
formed 3 chains with 10 000 iterations and assessed con-
vergence. Complete models and WinBUGS code are avail-
able on request.

Sensitivity Analyses

To be included in the analyses, studies had to report
means or median follow-up outcomes for study groups. To
use all available means, we imputed variances (where miss-
ing) by using the average variance from other included
studies. We conducted sensitivity analyses to assess the ef-
fect of excluding studies reporting median values and ex-
cluding studies that did not adequately present variances.
Because there were not enough trials, we could not inves-
tigate the effect of study population source and study qual-
ity assessment in the multivariable model. These variables
were important in our accompanying paper, in which we
discuss their implications (1).

Role of the Funding Sources

The personal funding source for an author, the Cana-
dian Institutes of Health Research (postdoctoral fellow-
ship) and the Canadian Chiropractic Research Foundation,
had no role in the collection, analysis, or interpretation of
the data or in the decision to submit the manuscript for
publication.

REsULTS
Description of Included Studies

In our accompanying paper (1), we describe the study
selection process, characteristics, and results of all trials in-
cluded in our systematic review (1). For our current anal-
ysis, 43 studies in chronic low back pain populations pro-
vide data on 72 independent exercise groups and 31
nonexercise comparison groups (7, 10, 12, 14—18, 22-56).
Many trials included several exercise therapy groups, and
some included several comparison groups. Figure 1 shows
the breakdown of trial designs, and Figure 2 shows the
pain and function outcome results from each study group.
We included all study groups with usable data in our cur-
rent analysis.

Table 1 summarizes the characteristics of the interven-
tions in the included exercise groups. Characteristics of the
exercise interventions were unclear for some exercise
groups (6% for exercise program design, 8% for delivery
type, and 7% for dose). The exercise groups were hetero-
geneous in their exercise interventions. The most com-
monly investigated exercise programs were of standard de-
sign, were delivered with individual or group supervision,
and were of low dose or intensity. Strengthening exercises
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Figure 1. Breakdown of design of 43 included trials.

Study Groups within Trials
Exercise Exercise Exercise Comparison Comparison
Group 3 Group 2 Group 1 Group 1 Group 2
[ n=13 |
[ n=6 ]
[ n=2 |
[ n=4 ]
[ n=15 ]
n=3 ]

Numbers of exercise therapy and comparison groups are indicated. For
example, 13 trials included 1 exercise group and 1 comparison group,
and 15 trials compared 2 types of exercise groups.

were the most common type of exercise investigated in the
trials. About half of the studies used additional conserva-
tive interventions along with exercise therapy and included
education or advice to stay active, nonsteroidal anti-inflam-
matory drugs (NSAIDs), manual therapies, and passive
modalities.

Exercise Therapy Interventions

Thirty-five randomized, controlled trials that included
59 exercise and 26 comparison groups (3226 participants)
provided adequate data for modeling exercise intervention
characteristics for pain outcomes. Twenty-nine trials that
included 50 exercise and 21 comparison groups (2947 par-
ticipants) were available for function outcomes. The mean
follow-up time for studies contributing data was 9.1 weeks
(95% CI, 7.1 to 11.0 weeks). The overall exercise treat-
ment effect in the univariate analysis, when intervention
characteristics are not included, was 3.4 points (95% cred-
ible interval [CrI], 2.0 to 4.7 points) for improvement in
pain outcomes and 1.2 points (Crl, 0.5 to 1.9 points) for
improvement in function outcomes (Table 2). We found
that individual exercise characteristics were important in
contributing to unadjusted improvement in pain and func-
tion outcomes, including individually designed programs,
high-dose exercises, and the addition of other conservative
treatment (Table 2).

Multivariable random-effects meta-regression con-
trolled for confounding among the various intervention
characteristics. In our analysis, the reference treatment was
an exercise program of standard program design, delivered
home exercises only, was low dose, and had no additional
interventions. This model found improved pain and func-
tion scores for 1) individually designed exercise programs;
2) supervised home exercises with therapist follow-up,
group, and individually supervised exercise delivery strate-
gies; and 3) high-dose or high-intensity exercise programs.
We found an additive effect of additional conservative care
to the exercise effects, and we did not observe an interac-
tion (Table 3). Multivariable modeling of outcomes with
an exercise program using the best levels of these interven-
tion characteristics (an individually designed, high-dose ex-
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Figure 2. Pain (left) and function (right) outcomes for study groups within each trial.

Study, Year (Reference)

Yozbatiran et al., 2004 (56)
Yelland et al., 2004 (54)
Jousset et al., 2004 (51)

Frost et al., 2004 (48)

Calmels et al., 2004 (47)

Yeung et al., 2003 (55)
Rasmussen-Barr et al., 2003 (53)
Niemisto et al., 2003 (52)

Gur et al., 2003 (50)

Aure et al., 2003 (23)

Rittweger et al., 2002 (42)
Petersen et al., 2002 (14)
Moseley, 2002 (39)
Descarreaux et al., 2002 (28)
Tritilanunt and Wajanavisit, 2001 (44)
Alexandre et al., 2001 (22)
Preyde, 2000 (40)

Kuukkanen and Malkid, 2000 (34)
Dalichau and Scheele, 2000 (27)
Bendix et al., 2000 (16)

Soukup et al., 1999 (18)
Mannion et al., 1999 (38)
Kankaanpaa et al., 1999 (32)
Torstensen et al., 1998 (43)
Hemmila et al., 1997 (10)
Bronfort et al., 1996 (25)
Johannsen et al., 1995 (12)
Frost et al., 1995 (30)

Bendix et al., 1995 (15)

Risch et al., 1993 (41)

Hansen et al., 1993 (31)
Elnaggar et al., 1991 (29)
Turner et al., 1990 (45)

Deyo et al., 1990 (7)

Manniche et al., 1988 (37)
Buswell, 1982 (26)

Zylbergold and Piper, 1981 (46)
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Table 1. Characteristics of the Interventions Delivered in the 72
Exercise Groups from 43 Included Randomized, Controlled
Trials

Characteristic Groups, n (%)
Exercise program design
Individually designed 9 (13)
Partially individually designed 26 (38)
Standard 33 (49)
Primary delivery format
Home exercises 11(17)
Supervised home exercises with follow-up 4 (6)
Group supervision 25 (38)
Individual supervision 26 (39)
Dose of intervention
High-dose (=20 h) 18 (26)
Low-dose (<20 h) 51 (74)
Other additional interventions
Additional conservative intervention 36 (50)
No additional intervention 36 (50)
Types of exercise (may include > 1 type)
Strengthening 43 (60)
Stretching 25 (35)
Aerobic 18 (25)
Coordination 4 (6)
Mobilizing 13 (18)
Other specific types or mixed (>3 types) 10 (14)

ercise program delivered through supervised home exercises
with regular practitioner follow-up) is expected to demon-
strate improvement in pain scores (18.1 points [Crl, 11.1
to 25.0 points] compared with no treatment, and 13.0
points [Crl, 6.0 to 19.9 points] compared with other con-
servative treatment) (Figure 3, r0p) and function scores
(5.5 points [Crl, 0.5 to 10.5 points] compared with no
treatment, and 2.7 points [Crl, 1.7 to 7.1 points] com-
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pared with other conservative treatment) (Figure 3, boz-
tom). The probability that this represents a clinically im-
portant improvement for pain and function outcomes is
29% and 4%, respectively, compared with no treatment,
and 3% and 1%, respectively, compared with other con-
servative treatments.

Figure 4 shows the rank of specific types of exercise
therapy according to improvement in pain and function
outcomes. Stretching demonstrated the largest improve-
ment for pain outcomes, while strengthening exercises
ranked most effective for improving function outcomes.

Sensitivity Analyses

Sensitivity analyses excluding studies that presented
median scores and those with incomplete variance data
resulted in small changes to the adjusted coefficients in the
multivariable analysis and small increases in the size of the
credible regions of the posterior means (results available on
request). Our conclusions remain unchanged.

Discussion

We performed a novel exploratory meta-analysis of
important intervention characteristics by using data from a
systematic review of randomized, controlled trials of exer-
cise therapy. The results of the traditional meta-analysis
presented in our accompanying paper (1) showed only
small improvements in pain and functioning when com-
bining all exercise therapies. However, our current meta-
analysis showed that clinically meaningful improvements
in pain are possible when specific intervention characteris-
tics are included. The most effective strategy seems to be
individually designed exercise programs delivered in a su-
pervised format (for example, home exercises with regular
therapist follow-up) and encouraging adherence to achieve

Table 2. Independent Effect of Exercise Treatment and Each Group Intervention Characteristic for Pain and Function Outcomes*

Independent Variables

Treatment effect (exercise group)t

Exercise program design
Individually designed
Partially individually designed

Exercise delivery type
Home exercises only

Improvement in Pain
(95% Crl), points

3.4(.0t04.7)

8.4 (4.8t011.9)
0.6 (—1.9t03.2)
Standardized —4.3 (-6.6t0 —1.9)

—7.5(=10.8t0 —4.3)

Improvement in Function
(95% Crl), points

1.2(0.5t01.9)

1.7 (=0.2 to 3.6)
1.3(-0.2t02.7)
—2.0(—=3.4to —0.6)

—2.0(=4.7100.7)

6.5 (1.0 to 11.9)
1.8 (—0.9 to 4.5)
1.6 (—0.8 to 4.0)

Supervised home exercises
Group supervision
Individual supervision

Exercise dose or intensity
High-dose (=20 h) 2.6 (=0.4t05.5)
Additional conservative treatment

Additional treatment included 53((3.6t07.1)

—2.2(-3.7t0 -0.7)
0.9(-0.6t02.5)
2.2(0.6t03.7)

1.4 (0.7 to 3.5)

2.1(0.7t03.7)

* Pain outcomes: 35 trials and 85 study groups; function outcomes: 29 trials and 71 study groups. Outcomes are change on 0- to 100-point scale; positive values indicate

improvement in pain and functioning associated with the characteristic. Crl = credible interval.
T Univariate modeling of exercise treatment effect.
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Table 3. Multivariable Meta-Regression Model for Exercise Group Intervention Characteristics and Pain and Function Outcomes*

Independent Variables

Exercise program design (reference group: standardized program)
Individually designed
Partially individually designed

Exercise delivery type (reference group: home exercises only)
Supervised home exercises
Group supervision
Individual supervision

Exercise dose or intensity (reference group: low-dose [<20 h])
High-dose (=20 h)

Additional conservative treatment (reference group: no additional treatment)
Additional treatment included

Interaction: exercise group and additional treatment

Remaining treatment effect

Improvement in Pain
(95% Crl), points

Improvement in Function
(95% Crl), points

5.4 (1.3t09.5)
0.1(-3.41t03.6)

0.7 (-2.5t03.9)
1.1(-2.0t04.2)

6.1 (-0.2 to 12.4)
4.8 (0.2t09.4)
5.9 (2.1t09.8)

1.3(-2.1t04.8)
1.5(-2.2t05.3)
3.2(-0.6t04.8)

1.8(=2.11t05.5) 2.1(-0.6t04.9)

5.1 (1.8 to 8.4)
0.1 (-4.0t0 4.1)

2.8 (0.6 to 4.9)
-1.1(=391t01.7)

—0.3(-4.61t04.0) —0.2(-3.41t03.0)

* Pain outcomes: 35 trials and 85 study groups; function outcomes: 29 trials and 71 study groups. Outcomes are change on 0- to 100-point scale; positive values indicate
improvement in pain and functioning associated with the characteristic relative to the reference group indicated. Crl = credible interval.

high dosage. Adding other conservative treatment, such as
advice to stay active, NSAIDs, or manual therapy, also
resulted in improved pain and function outcomes. We
found that stretching and muscle-strengthening exercises
were the best types of exercises for improving pain and
function, respectively.

Our study has several notable strengths and some lim-
itations. We planned our analyses a priori, developed the
model through discussions with clinical experts, and fitted
the full model. We based the data included in our study on
a comprehensive systematic review of the literature con-
ducted within the framework of the Cochrane Collabora-
tion and included many randomized, controlled trials. Our
study demonstrates new methods that can be used in sys-
tematic reviews, which made full use of available study data
to compare various group-level characteristics in a multiva-
riable meta-regression. Furthermore, the analysis using
Bayesian methods allowed for a meaningful and informa-
tive presentation of results for clinicians and researchers,
including direct probability statements and prediction of
future study results. Important limitations of our study are
similar to those for all systematic reviews: incomplete and
inadequate reporting in the primary studies and poor-qual-
ity trials. Inadequate reporting prevented the assessment of
important return-to-work or absenteeism and global im-
provement outcome measures. Also, not enough studies
were available in our current investigation to include a
measure of study quality in the multivariable analysis. In
our accompanying paper (1), we found that only 6 of the
43 trials in chronic low back pain populations were rated as
high-quality, according to our 4 key internal validity items.
We found that the observed mean effect was overestimated
in lower-quality studies (1). Our current study would
probably be affected in the same way. Also, we found po-
tential publication bias, which may have resulted in an
overestimation of the effectiveness of exercise therapy in
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this population (1). Whether poor-quality studies and pub-
lication bias would affect the relationship between inter-
vention characteristics and the resulting model is unclear.
Although we used characteristics of the exercise interven-
tions to explain heterogeneity between exercise treatment
groups, we could not include a random-effects term in the
model to account for possible additional heterogeneity in
the exercise effect. Finally, we did not consider potentially
important patient-level characteristics, such as age or base-
line disability. However, the availability of only group-level
darta resulted in no important variation in these character-
istics across studies. Meta-analysis of individual patient
data may be a useful analytic strategy to assess in the future
(57).

Despite these limitations, our study provides addi-
tional useful information from trials for clinicians and poli-
cymakers on the relative effectiveness of characteristics of
exercise therapy. However, caution is required when apply-
ing these results in clinical practice. Regression to the mean
may hide important patient-level characteristics in the pri-
mary studies, and randomized, controlled trials may not
reflect everyday practice. Therefore, clinicians need to use
clinical judgment in applying our results to individual pa-
tients.

To our knowledge, the characteristics of exercise ther-
apy have not been previously analyzed with meta-regres-
sion analyses. Earlier reviews have considered exercise char-
acteristics as part of narrative summaries and have reported
individual study findings (11, 58, 59). A previous practice
guideline review on rehabilitation interventions for low
back pain (60) considered treatment effects in subgroups of
studies according to exercise types. They used meta-analy-
sis and reported good evidence to support stretching,
strengthening, and mobility exercises for chronic low back
pain. No study investigated what we have found to be the
best intervention strategy and reported on pain or function

www.annals.org



Figure 3. Probability functions based on data from systematic
review.
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and additional conservative intervention (see text for detailed descrip-
tion).

outcomes. The predicted outcome based on the “best” ex-
ercise intervention strategy that we identified in our mul-
tivariable model will probably slightly overestimate the true
effect. A future randomized, controlled trial should inves-
tigate whether our summary accurately reflects what will
happen in a future trial. Finally, our study presents a novel
analytic strategy for dealing with the common problem of
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several correlated study groups and characteristics at the
study group level. These methods used the available data
better and could be used in future systematic reviews.

In our accompanying systematic review (1), we con-
cluded that exercise therapy is effective at slightly decreas-
ing pain and improving function in chronic low back pain
populations. Our current investigation used a novel ana-
lytic strategy and concluded that characteristics of the ex-
ercise intervention are associated with outcomes. The most
effective strategy secems to be delivering individually de-
signed exercise programs in a supervised format (for exam-
ple, home exercises with regular therapist follow-up), en-
couraging adherence to achieve high dosage, and adding
other effective conservative treatments. Stretching and
muscle-strengthening exercises seem to be the most effec-
tive types of exercises for treating chronic low back pain.
Future study should further assess specific exercise strate-
gies.

Figure 4. Mean rank of included exercise types on the basis of
association with improved pain (top) and function (bottom)
outcomes at earliest follow-up compared with no treatment or
other conservative treatment.
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